Summary.-The combined effect of bleomycin and the polyene antibiotic, pentamycin, upon the survival of EMT6 tumour cells has been studied both in vitro and in vivo. During growth of the cells as a monolayer in vitro, a very marked potentiation of bleomycin action is seen during the exponential and early plateau phases of growth, but little potentiation occurs in late plateau phase. The effect of exposing the cells to the two drugs consecutively in either order is greater than if the two agents are used at the same time. In vivo, it does not appear that pentamycin can greatly increase the cytocidal effect of bleomycin.
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IT HAS recently been demonstrated that the action of certain cancer chemotherapeutic agents may be potentiated by their combination with substances categorized as polyene antibiotics. The effect of 1,3 Bis(2-chloroethyl)-l-nitrosourea (BCNU) against the L1210 lymphoma is greatly increased if amphotericin B is administered at the same time (Medoff et at., 1974) , and the effect of 5-fluorouracil in tissue culture has also been found to be increased by this agent (Kuwano et al., 1973) . Whereas no synergism could be found between bleomycin and amphotericin B, the inhibition of DNA, RNA and protein synthesis in vitro by bleomycin has been shown to be increased in the presence of pentamycin, an antifungal polyene antibiotic (Nakashima et al., 1974) .
In this paper experiments are described which were designed to investigate the effect of bleomycin and pentamycin in combination on cell survival both in vitro and in an experimental tuimouir system in vivo.
AIATERIALS AND METHODS

Bleomycin (BLM) Mwas kindly supplied
by Lundbeck Limited. Foro use in vitro, the drug was added to tissue culture flasks in a volume of between 005 and 0-2 ml of complete medium. For in vivo studies, a dose of 4 mg/kg was administered i.p. in 0 5 ml of sterile Hanks' solution. Pentamycin (PENT) was a gift from Professor H. Umezawa. For use in vitro, the drug was dissolved in dimethyl sulphoxide and added in a volume of 0-1 ml. For in vivo administration, PENT was suspended in 05% carboxymethyl cellulose in Hanks' solution and injected i.p. in a volume of 0-5 ml.
Our in vitro cell line EMT/6/M/CC and the handling procedures used in our laboratory have been described elsewhere (Twentyman and Bleehen, 1975a) . The cell proliferation kinetics show marked changes as the age of the culture increases and three distinct phases of growth can be identified (Twentyman et al., 1975) . We have named the three phases, " exponential ", early plateau" and ' late plateau".
Drugs were added directly to the medium in which cells wNere growing, and at the end of the exposure period, the medium was removed and cultures rinsed with complete medium. Cells were then trypsinized from the surface, counted, diluted and plated as previously described (Twentyman and Bleehen, 1975a) . Colonies containing more than 50 cells Aere counted 9-10 days later.
The EMT6 tumour system in which tumours growing in Balb/C mice are treated in vivo and cell survival assayed by plating in vitro has been previously described Bleehen, 1974, 1975b 
RESULTS
Pentamycin dose-response The effect of incubating exponential phase cells with BLM (20 ,tg/ml) and various doses of PENT together for a period of 1 h is shown in Fig. 1 . Two separate experiments are shown. At 1 ,ug/ml of PENT the potentiation is relatively small, but by a dose of 3 ,ug/ml virtually the whole effect is seen. Little further effect is brought about by increasing the PENT dose to 10 ,ug/ml. No significant cell killing was caused by PENT alone at any dose level.
Bleomycin dose-response
In all subsequent experiments a PENT dose of 5 ,ag/ml was used. The effect of I h exposure of exponential phase cells to this dose of PENT together with various doses of BLM is seen in Fig. 2 . A very clear potentiation is seen for all doses of BLM. At 30 ,ag/ml, the potentiation is by a factor of nearly 103. The BLM/PENT dose response curve has the same biphasic shape that has been widely observed for BLM alone in various cell lines during exponential growth (Terasima et al., 1972; Twentyman and Bleehen, 1975a) . In early plateau phase the potentiation is rather less than in exponential phase, with a factor of 100 x at 30 ,ag/ml. progress into late plateau phase the very marked potentiation is lost. In accordance with our previous observation (Twentyman and Bleehen, 1975a ) the sensitivity to BLM alone during late plateau was rather greater than seen in exponential phase, but it appears that little additional killing can be brought about by the addition of PENT, the potentiation at 30 ,ug/ml being only about 2-3 x.
Repair of " potentially lethal damage" of the order of administration of the two drugs. PENT simultaneously is shown in Table  I . For cells treated with BLM alone a considerable increase in surviving fraction was seen at all phases. In general, the surviving fraction ratio was highest when
The results of 2 experiments in which cell suspensions were prepared from tumours and exposed in vitro to PENT for Table  III . The dose of PENT used was 20 mg/kg. The range of values obtained for the ratio of effect with PENT to effect without PENT was wide, but within the normal range seen for this type of assay. The initial effect of BLM (at 30 min) was of the same order of magnitude in the presence or absence of PENT, and the large recovery seen with delayed subculture from 30 min to 6 h still occurred. It did not appear that PENT alone is very cytotoxic to the tumour cells in vivo even at this very high dose level, i.e. in excess of the LD50.
DISCUSSION
It does not appear likely from these results that the combination of BLM and PENT will be clinically useful in tumour therapy. Firstly, PENT itself is highly toxic and also insoluble in water or alcohol with subsequent problems of administration. Secondly, both the initial response of the tumour cells to BLM and their subsequent recovery do not appear to be greatly influenced by PENT. One possible reason for this is that the drug does not get to the tumour cells following this mode of administration. If this is the case, however, it seems likely that the non-access is absolute rather than dependent upon a particular timing of the combination. Our in vitro results indicate that exposure of cells to PENT within the period of several hours each side of the BLM exposure can cause potentiation, and hence the actual timing should not be too important in vivo.
The response of tumour cells treated in vitro following preparation of suspension is instructive in this respect in that only limited potentiation is produced in a situation where access of PENT to the cells is without doubt. It appears therefore that at least a large proportion of the total population of tumour cells react to the drug combination in the same way as late plateau phase cells in vitro.
The idea that PENT acts by increasing the amount of BLM which penetrates into the cell (Nakashima et al., 1974) may well explain our findings. It has been reported by Fujimoto (1974) that ascites tumour cells exposed to 14C BLM showed the label absorbed to the cell membrane at 2 h after drug administration with subsequent movement of the label to the nuclear membrane by 4 h. It seems possible, therefore, that cells exposed to PENT undergo some change in the membrane which allows more penetration of BLM. If cells are exposed to PENT after BLM then BLM which is attached in some way to the cell membrane and which normally would be harmlessly released at some later time is allowed to penetrate the membrane.
If the concept that PENT acts by altering membrane permeability is correct, then our results imply that the relative response to BLM alone shown by cells in various growth phases is highly dependent upon the state of the membrane during these phases, and that the cell membrane is a highly resistant barrier to BLM at all growth phases in vitro.
Carried further, it is also possible that the " repair of potentially lethal damage " phenomenon could be accounted for in terms of membrane permeability. It would be necessary to postulate that during the subculture procedure, or else during some process occurring shortly afterwards, BLM is allowed to pass from its membrane-absorbed site into the cell where cytotoxicity occurs. Cells left without subculture would release the BLM from the membrane into the extracellularfluidwithout cytotoxicity occurring. We are intending to investigate these possibilities in our laboratory using labelled BLM. 46:3 
